Heart sounds may be classified into those originating from the valves, which coincide with the final halt of opening and closing of the valves and are of high frequency, and added ventricular filling sounds, which are of low frequency and comprise the third sound, the atrial or fourth sound, or summation of the two.' Such added heart sounds occurring during diastole are important physical findings and often indicate ventricular disease. With non-invasive techniques such as Doppler, phono, and echocardiography, we can study the direction, position, and velocity of blood flow within the heart at the instant an added sound occurs. Such techniques have shown that the onset of a third sound occurs at the time of peak transmitral flow velocity (during rapid filling), whereas a fourth sound usually occurs at the beginning of flow at the start of atrial systole.2 The mechanisms are thus different from those responsible for the first and second sounds. We now report three cases in which presystolic sounds were identified by phonocardiography. The 
cardiomyopathy, primary pulmonary hypertension, and chronic pulmonary thromboembolic disease), in each case the presystolic sound was associated with a rapid change in acceleration of blood and with flow reversal in the superior vena cava, and could only be recorded at the right sternal edge or over the jugular veins. Such flow characteristics may be explained by a raised ventricular end diastolic pressure with reduced compliance. Use of these techniques helps to understand the cause of a previously described but little recognised heart sound, and adds weight to the interpretation of its presence in disease. 31 
Methods
Cross sectional and M mode echocardiograms were taken with the patient in Heart sounds may be classified into those originating from the valves, which coincide with the final halt of opening and closing of the valves and are of high frequency, and added ventricular filling sounds, which are of low frequency and comprise the third sound, the atrial or fourth sound, or summation of the two.' Such added heart sounds occurring during diastole are important physical findings and often indicate ventricular disease. With non-invasive techniques such as Doppler, phono, and echocardiography, we can study the direction, position, and velocity of blood flow within the heart at the instant an added sound occurs. Such techniques have shown that the onset of a third sound occurs at the time of peak transmitral flow velocity (during rapid filling), whereas a fourth sound usually occurs at the beginning of flow at the start of atrial systole.2 The mechanisms are thus different from those responsible for the first and second sounds. We now report three cases in which presystolic sounds were identified by phonocardiography. The The first and second heart sounds occurred normally in association with mitral and aortic closure identified from the corresponding echograms. Mitral and tricuspid regurgitation were present, limiting the time available for filling of the left ventricle to 220 ms, and the right to 260 ms. On the transmitral Doppler recording a single peak of forward flow was identified and the only possible added sound recordable from the left sternal edge coincided with the peak velocity of left ventricular inflow, characteristic of a summation sound ( fig 1A) . The sound under study occurred 90 ms after this and 40 ms after peak forward tricuspid flow while the velocity of atrioventricular flow on both sides of the heart was steadily decreasing.
Premature closure of the tricuspid valve' was excluded by showing normal timing on the echocardiogram of the tricuspid valve, coincident with the first heart sound. As the maximal amplitude of the sound was recorded with the transducer placed beneath the right clavicle, we considered the possibility of the origin of the sound being within the superior vena cava. We therefore recorded pulsed wave Doppler signals from the right supraclavicular fossa directed towards the right atrium (fig 2) . A simultaneous jugular venous pulse recording showed that the "x" descent was shallow, but the "y" descent was dominant and deep, indicating predominant early diastolic antegrade flow into the right atrium characteristic of a restrictive filling pattern. Also the apexcardiogram was strongly suggestive of restricted ventricular filling. Diastolic downward flow was recorded from the superior vena cava to the right atrium on Doppler. On the spectral display a rapid halt to forward flow could be seen with subsequent flow reversal (peak forward velocity 0 5 m/s; acceleration in a retrograde direction 7 7 m/s' = 0 79 g) occurring before ventricular systole, with retrograde flow from the right atrium towards the superior vena cava. The start of the high-pitched added sound occurred at the time of peak velocity of inflow to the right atrium and coincided with abrupt deceleration.
PATIENT 2 A 29 year old woman with primary pulmonary hypertension was referred for assessment for heart lung transplantation. She had been born a twin by caesarean section. At fig 4B) . Flow reversal could be detected, with clear retrograde flow from right atrium to superior vena cava. The peak velocity of this retrograde flow (0-55 m/s, acceleration, 9-6 m/s2 = 0-98 g) occurred 130 ms after the beginning of the P wave. The start of the added presystolic sound coincided with the peak retrograde velocity, when the acceleration changed to deceleration. PATIENT 3 A 57 year old West Indian woman with chronic pulmonary thromboembolic disease was referred for assessment because of progressive dyspnoea for eighteen months. Her pulse rate was 90 beats per minute and regular and blood pressure was 160/100 mm Hg. The venous pressure was raised with a prominent "a" wave visible. A prominent right ventricular impulse was palpable, a fourth heart sound was audible, and the pulmonary component of the second sound was prominent. Chest x ray film showed enlarged proximal pulmonary arteries and an enlarged cardiac shadow. The electrocardiogram showed right axis deviation, P pulmonale, and inverted T waves over leads V1-V4. Figure 3 Recording ofjugular venous pulse (JVP) from patient 2, with simultaneous electrocardiogram (ECG), phonocardiogram (PCG), and respiratory trace (R),from patient 2. Giant "a" wave coincides with presystolic sound (S). First and second heart sounds are indicated.
Discussion
The invention of the stethoscope by Laennec wall during early diastole.6 Fourth sounds usually occur at the beginning of atrioventricular flow after atrial systole, when acceleration of blood starts.2 Apart from mitral and tricuspid opening snaps, the only other commonly recognised diastolic sound is a pericardial knock. This is an early diastolic sound heard along the left sternal edge in constrictive pericarditis, and corresponds to the sudden end of ventricular filling and the premature diastolic plateau of the ventricular volume curve.7 It occurs simultaneously with the nadir of the "y" descent on the recording of jugular venous pressure. We have already published a case report of a sound during isovolumic relaxation due to intracavity flow. 8 This sound occurred at the time of peak flow velocity when acceleration had stopped and deceleration had started. Thus the general mechanism of diastolic sound production seems to be related to the dissipation of energy associated with sudden changes in acceleration.
The presystolic sounds in our patients had none of the usual characteristics by which we recognise common diastolic sounds. In case 1 the sound occurred after the peak forward transmitral flow and was not associated with atrial systolic flow into the ventricle. We confirmed that it was not due to premature tricuspid closure3 (the normal PR interval made this unlikely). Premature mitral closure has been described in a patient with aortic regurgitation and first degree heart block.9 Again, examination of the Doppler trace and mitral echogram confirmed that this could not be the explanation. The other unusual feature was the specific localisation over which the sound could be recorded. This was limited to an area beneath the right clavicle in the parasternal region. The diastolic sound in this patient corresponded in time to a change in acceleration associated with subsequent flow reversal in the Doppler recording from the superior vena cava. Acceleration of blood had ceased and deceleration had started, and blood flow in the superior vena cava subsequently became retrograde. The sudden change of acceleration to deceleration requires the operation of a force and dissipation of energy that appears as mechanical vibrations generating the added sound and may occasionally even be palpable in the venous pulse. The change in acceleration responsible for the added sound in this case is analogous to that responsible for a third heart sound, but comes from different circulatory structures. The question arises why such a change in acceleration and abnormal flow reversal should occur. This patient's apex cardiogram strongly suggested restricted ventricular filling. The patient's previous myocarditis had progressed to cause substantial ventricular impairment and it seems reasonable that such a ventricle could display restrictive properties. Hence, during rapid early diastolic filling a point is reached where atrioventricular blood flow rapidly decelerates yet venous return from the great veins continues. In this situation subsequent retrograde flow into the superior vena cava would occur. Possibly the start of atrial systole In our second case the timing of the added sound was later and occurred 130 ms after the start of the P wave. At first sight, this has the characteristics of a fourth heart sound, being coincident with the "a" wave. Forward tricuspid flow and hence ventricular filling had stopped at this point, however, making the possibility of atrioventricular origin of this sound unlikely. In this case the sound followed a rapid reversal of flow in the superior vena cava, occurring at the point of peak velocity of flow away from the atrium. The magnitude of the change in acceleration was greatest in the retrograde direction, which may explain the difference in timing from the first case. In both cases 1 and 2, however, the change from acceleration to deceleration implies a change in the direction of the force acting on the blood. In the third case the sound was only recorded directly over the jugular veins. Atrial systole caused both antegrade flow into the right ventricle (with a fourth heart sound recorded over the lower left sternal edge), and rapid reversal of flow in the superior vena cava. The sound over the jugular veins occurred 120 ms after the P wave and coincided with the start of acceleration and retrograde flow.
The concept of presystolic sounds of venous origin is not new. In 1908, Sir James Mackenzie heard "a clear, sharp sound preceding the first sound" over the jugular veins of a patient with tricuspid stenosis.'0 He concluded that contraction of a hypertrophied right atrium "sent back a large wave into the jugular, and with such force that it caused the valves in the jugular and subclavian veins to close with a snap." Groedel and Miller recorded jugular venous phonocardiograms describing presystolic sounds interpreted as being of venous origin-" . . . the great veins may be important as sound conductors, even in the direction opposite to the flow of blood."" Eight years later Dock described the recording of loud sounds during atrial systole over the jugular veins of patients with raised right atrial pressure."2 Twelve cases were described with various pathological conditions. In two cases the diagnosis was tricuspid stenosis, and it was postulated that reflux of blood into the great veins set up vibration in the tensed veins so causing a loud sound. This sound was not audible, however, below the clavicle. The postulated mechanism was violent retrograde flow at the height of atrial systole associated with high right ventricular end diastolic pressure, or tricuspid stenosis. We can find no reference to these sounds in publications since 1956, although our experience suggests that they are not uncommon. In our patients we postulate a similar mechanism to that sug--gested by Dock, and have been able to show the * sudden change in acceleration of blood associated with flow reversal. We thus extend Dock's ideas by suggesting that it is the dissipation of energy associated with this sudden acceleration change that generates vibrations within the great veins and hence the sound. In the first two cases, the sound can be shown to occur at a time of peak velocity, when acceleration has ceased. In the first case this occurred at the point ofpeak forward velocity offlow from the superior vena cava to the right atrium. In the second case the sound coincided with peak reverse velocity from the right atrium to the superior vena cava. In our third case the sound occurred at the start of rapid acceleration of blood in a retrograde fashion, more in keeping with the mechanism of a classical fourth heart sound. Thus this previously described but little recognised class of sound can be shown to have the same basic mechanisms as classical ventricular third and fourth heart sounds. We believe a suitable name for this added sound is a "superior vena cava sound." Alternative titles such as "fifth sound" may be confusing and "presystolic sound" tells us little about the mechanism producing it. It may be that different classes of this sound will be further defined according to their precise time relations to the flow reversal-for example, t "forward flow," "reverse flow," or l"acceleration" sounds. Nevertheless, for the time being the term "superior vena cava sound" seems attractive and defines the site of flow reversal. 
